bacteria exist (Kent and Triplett, 2002) .
Small bacteria that can be fi ltered through 0.2-or 0.45-µm-pore-size fi lters have been found in environmental samples including soil, seawater, and deep ground water (Hahn et al., 2003; Iizuka et al., 1998; Miyoshi et al., 2005) . In research laboratories, 0.22-and 0.45-µm-pore-size fi lters are commonly used to remove bacteria from fl uids. To structurally characterize the bacteria in the rhizosphere, we systematically examined cell size selection of rhizosphere bacteria using 0.22-and 0.45-µm-pore-size fi lters and performed identifi cation of the bacteria by rDNA analysis.
In this paper, we found that we can concentrate OD1, OP11, TM7, and OP5 bacteria from soil of the rhizosphere using 0.45-µm-pore-size fi lters, but not by using 0.22-µm-pore-size fi lters. TM7 bacteria were fi rst found in a German peat bog (Torf, mittlere Schicht, or peat, middle layer) (Rheims et al., 1996) and have since been detected in other environmental samples including, soil, seawater, and wastewater (Hugenholtz et al., 1998 (Hugenholtz et al., , 2001 ). OP11 and OP5 bacteria were found in the Yellowstone hot spring Obsidian Pool (Hugenholtz et al., 1998) . OD1 bacteria were found in other environmental samples (Harris et al., 2004) . OD1, OP11, TM7, and OP5 bacteria belong to the candidate phylogenic divisions. No mechanisms for cultivation of OD1, OP11, TM7 or OP5 bacteria are available, therefore the structural properties of OD1, OP11, TM7 and OP5 bacteria have yet to be characterized. Our method for concentrating OD1, OP11, TM7 and OP5 bacteria from the rhizosphere may be useful as the initial step in studies to characterize the structural properties of the bacteria without culture.
Materials and Methods
Sample collection and the preparation of the bacterial extracts. We collected rhizosphere samples of a daisy which was bought from a fl ower shop. Five grams of rhizosphere and soil samples around roots in plastic fl ower pots were suspended in 5 ml of phosphate-buffered saline (PBS) in 50-ml tubes and the tubes were agitated at 2,000 rpm for 3 min at room temperature using a vortex mixer (TAITEC S-100, Japan). After standing for 5 min, the suspension was collected and centrifuged at 300 rpm for 1 min to remove insoluble substances using a MX-300 centrifuge (approximately 10 g, TOMY Co., LTD, Japan). After the resulting supernatant was centrifuged at 20,000 g for 10 min, the pelleted bacteria were suspended in 100 µl of PBS, containing 0.05% Tween 80. After agitation of the tube for 10 s, 400 µl of PBS was added. The suspension was agitated at 1,000 rpm using a TAITEC BR-25 Apparatus (Japan) for 3 min at 4 C and centrifuged at 300 rpm for 1 min in a MX-300 centrifuge. We prepared bacterial DNA from 400 µl of the supernatant of rhizosphere samples without including the fi ltration step. DNA was extracted using the UltraClean TM microbial DNA isolation kit (MO BIO Laboratories, Inc., Japan).
Four hundred microliters of the supernatant prepared from 5 g of rhizosphere and soil samples underwent cell size selection using fi lters. Two hundred microliter samples of the supernatant were then gently and carefully passed through a 0.22-or 0.45-µm-poresize fi lter (Millex 13 mm diameter syringe fi lter unit (catalog number SLHV013SL or SLGV013SL, Millipore, USA) with pressure applied via a 1-ml disposable syringe. The fi ltrated microorganisms were heated at 95 C for 3 min immediately after fi ltration and then centrifuged at 20,000 g for 10 min. The pelleted bacteria were suspended in 500 µl of PBS and centrifuged at 20,000 g for 10 min. The pellets were then washed twice. The fi nal pelleted bacteria were suspended in 10 µl 10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA, and 0.5% Triton X-100, and were then disrupted by sonication for 2 min using a Bioruptor UCW-201 (Cosmo Bio Co., LTD, Japan) at a power setting of 80 W. The bacterial extracts were subjected to PCR amplifi cation.
Amplifi cation of 16S rDNA by PCR. We used two sets of universal primer pairs to amplify the bacterial 16S rDNA: 27F (5 -AGAGTTTGATCCTGGCTCAG-3 ) and 1492R (5 -GGTTACCTTGTTACGACTT-3 ) (Lane, 1991) ; and 63F (5 -CAGGCCTAACACATGCAAGTC-3 ) and 1387R (5 -GGGCGGWGTGTACAAGGC-3 ) (Marchesi et al., 1998) . Each amplifi cation was performed in a total volume of 25 µl containing 0.25 0.5 µl of the bacterial extract, 5 pmol of each primer, 200 µM dNTP, 1.25 U of Gene Taq FP DNA polymerase (Nippon Gene Co., LTD, Japan), and 1.25 U of Taq Extender TM PCR additive (Stratagene, USA) in Taq Extender TM Reaction Buffer. PCR reactions were performed using a PerkinElmer 9700 Thermocycler. The reaction conditions were 95 C for 5 min, 30 cycles of 95 C for 30 s, 55 C for 30 s, and 72 C for 90 s, followed by a fi nal extension at 72 C for 5 min. Three microliters of the amplification mixture was electrophoresed on a 1.2% agarose gel. The DNA was stained with ethidium bromide and then visualized under short-wavelength UV light.
We used Taq Extender TM PCR additive and Gene Taq FP DNA polymerase for PCR amplifi cations of the 16S rDNA of bacteria that passed through 0.22-or 0.45-µm-pore-size fi lters. As we obtained only small amounts of the PCR products when Taq Extender TM PCR additive was not used, it was a necessary addition. Gene Taq FP DNA polymerase is highly purifi ed from contaminated bacterial DNA. In the absence of template DNA, no PCR-amplifi ed 16S rDNA could be detected.
Cloning procedure. PCR products were purifi ed using PureLink TM PCR Purifi cation Kit reagents (Invitrogen, USA) and concentrated with SUPREC -PCR spin columns (TaKaRa, Japan). Cloning of the purifi ed DNA was performed with pGEM -T Easy Vector System (Promega, USA) reagents according to the manufacturer s instructions. Transformation was done with competent Escherichia coli JM109 cells provided by TaKaRa. The transformed cells were plated onto LuriaBertani agar supplemented with ampicillin and incubated overnight at 37 C. Each colony was placed into 25 µl of TaKaRa Ex Taq Hot Start Version (TaKaRa) and PCR was then performed using the forward primer (2949 2972) and the reverse primer (174 197) . The sizes of the inserts were determined by electrophoresis using a 1.2% agarose gel.
DNA sequencing and phylogenic analysis. Prior to sequencing the PCR-amplifi ed 16S rDNA fragments, they were purifi ed and concentrated using SUPREC -PCR spin columns (TaKaRa). The dideoxy chain termination reaction was performed in both directions using the PCR-amplifi ed 16S rDNAs with forward and reverse primers. The products were analyzed using an ABI PRISM 3730XL apparatus (Applied Biosystems, USA).
To identify their closest relatives, the sequences were compared to the 16S rDNA sequences in the Ribosomal Database Project (Cole et al., 2009 ). The nucleotide sequences were also characterized by a BLASTN search (GenBank) for the nearest matches. The sequences were assessed using the Chimera Check program (Ribosomal Database Project II) (Cole et al., 2003) . The cutoff for species differentiation was 2%, which equates to approximately 30 bases for a full sequence. We defi ned a phylotype as a cluster of cloned sequences that differed from those of known species by more than 2%, yet had at least 98% internal sequence similarities among the members of the cluster (Suau et al., 1999) . The phylotypes that corresponded to sequences found in the Ribosomal Database were labeled as known phylotypes, whereas those that did not correspond to any in the database were labeled as novel phylotypes.
Sequence alignments were performed, and a phylogenic tree was constructed using the neighbor-joining algorithm of ARB software (Ludwig et al., 2004) . The 16S rRNA sequence of Escherichia coli and Shewanella putrefaciens were used as out-groups to root the tree. Construction of the tree used the bootstrap method and 100 replicate samples of the dataset (Felsenstein, 1985) .
Nucleotide sequence accession numbers. The novel sequence data determined in this study have been assigned DDBJ, EMBL, and GenBank accession numbers AB510984 AB511020.
Results and Discussion

PCR analyses of fi lterable bacteria in the rhizosphere
We characterized the PCR-amplifi ed rDNA obtained from rhizosphere bacteria that had been passed through 0.22-or 0.45-µm-pore-size fi lters. Figure 1 (lanes 1 and 2) shows PCR products synthesized in the presence of the primer pair 27F/1492R. The PCR products obtained from the extracts of bacteria that had been passed through 0.45-µm-pore-size fi lters We performed PCR reactions with 27F/1492R (lanes 1 and 2) or 63F/1387R primer pairs (lanes 3 and 4). Samples obtained from the fi ltrate that had been fi ltered through 0.22-µm-poresize fi lters are shown in odd-numbered lanes. Those obtained from bacteria that had been fi ltered through 0.45-µm-pore-size fi lters are shown in even-numbered lanes. Each 3-µl sample of the PCR amplifi cation reaction mixture was examined by 1.2% agarose gel electrophoresis. The amplifi ed DNA fragments were approximately 1,500 base pairs (lane 2) and approximately 1,300 base pairs (lane 4). and had been obtained from rhizosphere are shown in lane 2. However, no PCR product was detected in the fi ltrate which had been fi ltered through 0.22-µm-poresize fi lters (lane 1). Using the primer pair 63F/1387R (lanes 3 and 4 of Fig. 1) , a small amount of PCR product was seen when the bacteria had been passed through 0.45-µm-pore-size fi lters (lane 4), but no PCR product was detected in the fi ltrate which had been fi ltered through 0.22-µm-pore-size fi lters (lane 3). We examined the PCR analysis of 16 rhizosphere samples with the 2 sets of universal primer pairs. We obtained PCR products from 6 rhizosphere samples but no or only small amounts of products from 10 rhizosphere samples.
We performed heat treatment of the fi lterable samples at 95 C immediately after 0.45-µm-pore-size fi ltration. We also performed two washing procedures after centrifugation of the heat-treated samples to obtain suffi cient amounts of PCR products for cloning and sequence analyses. We speculated that the rhizosphere may contain an inhibitor for PCR amplifi cation.
The PCR amplifi cations were performed with 0.5 µl of the bacterial extracts that had been passed through 0.45-µm-pore-size fi lters as shown in Fig. 1 . Greater amounts of extracts reduced the amounts of PCR products. As we could not obtain suffi cient PCR products with the primer pair 63F/1387R, we analyzed the PCR products that were amplifi ed with the primer pair 27F/1492R for the cloning and sequence.
Sequence analyses of the rDNAs of the fi lterable bacteria obtained from rhizosphere
We randomly isolated a total of 84 clones from two libraries that had been constructed using the PCRamplifi ed rDNAs obtained by amplifi cation with the primer pair 27F/1492R with fi ltered bacteria. We also randomly isolated a total of 81 clones from two libraries that were constructed from the PCR-amplifi ed products from the DNA extracts of rhizosphere bacteria without using cell size selection. Analyses of the rDNA sequences using the Ribosome Database Project and ARB phylogenic analysis software revealed that the clones were derived from several bacterial clusters, as shown in Table 1 . More clones of OD1, OP11, TM7, and OP5 and Deltaproteobacteria were obtained using size selection than without size selection. None of the OD1 bacteria was detected in a total of 81 clones prepared without size selection, whereas 6 clones were detected in a total of 84 clones with fi l- tered bacteria. One clone of OP11 bacteria was detected in a total of 81 clones without size selection, whereas a total of 9 clones were detected in a total of 84 clones with fi ltered bacteria. One clone of TM7 bacteria was detected in a total of 81 clones without size selection, whereas 17 clones were detected in 84 clones with fi ltered bacteria.
OD1, OP11, and TM7 bacteria in the rhizosphere
The ARB analysis showed one cluster of bacteria belonging to the OD1, OP11, and TM7 phylogenic divisions. The sequences of 32 clones of a total of 84 clones from two lots of rhizosphere samples using size selection were derived from OD1, OP11, and TM7 bacteria. Figure 2 shows a phylogenic tree of OD1, OP11, and TM7 bacteria. A total of 32 clones belonging to 6 phylotypes of OD1, 8 phylotypes of OP11, and 11 phylotypes of TM7 were identifi ed. As shown in Table 2 , only one of the 25 phylotypes of OD1, OP11, and TM7 bacteria was a known phylotype. The other 24 phylotypes were novel phylotypes with less than 98% sequence similarity to known sequences. As shown in Table 2 , the sequence similarities of novel phylotypes of TM7 bacteria are 0.93 0.97 to those of known phylotypes. The sequence similarities of OD1 and OP11 novel phylotypes were 0.81 0.95 and 0.87 0.93, respectively, to those of known phylotypes. The low similarity of OD1 and OP11 bacteria refl ect greater evolutionary distances than TM7 bacteria, as shown in Fig.  2 .
From these results, we suggest that OD1, OP11, and TM7 bacteria present in the rhizosphere sample are concentrated by fi ltration through 0.45-µm-poresize fi lters. So far there is no information about the size of TM7 bacteria in the rhizosphere. According to the work of Miyoshi et al. (2005) , OD1 and OP11 bacteria passed through 0.2-µm-pore-size fi lters and were captured by 0.1-µm-pore-size fi lters in deep ground water (approximately 200 m below ground level). This work suggested that OD1 and OP11 bacteria in deep ground water may be smaller than 0.2 µm.
As cultivation conditions for OD1, OP11 and TM7 bacteria have not yet been established, the structural properties of OD1, OP11, and TM7 bacteria have not been well characterized. However, our fi nding that OD1, OP11, and TM7 bacteria can be concentrated after fi ltration through a 0.45-µm-pore-size fi lter is a new concentration method and may be a useful initial step for characterization of OD1, OP11, and TM7 bacteria.
Deltaproteobacteria in the rhizosphere
Sixteen clones of 13 phylotypes of subclass Deltaproteobacteria are shown in Fig. 3 . Two of 13 phylotypes of Deltaproteobacteria were known phylotypes; the other 11 phylotypes were novel phylotypes with less than 98% similarity to known phylotypes (Table  2) .
Five clones of the fi ltered bacteria of subclass Deltaproteobacteria are Bdellovibrio species, as shown in Fig. 3 and Table 2 . One of the most notable characteristics of Bdellovibrio sp. is that members parasitize other Gram-negative bacteria by entering the periplasmic space and feeding on the proteins and nucleic acids of their hosts. Bdellovibrio are comma-shaped motile rod bacteria that are about 0.3 by 0.5 µm in size (Stolp and Strarr, 1963) . Owing to the bacterial cell size, we speculated that we can concentrate Bdellovibrio sp. by 0.45-µm-pore-size fi ltration.
Nine clones of the fi ltered bacteria of Deltaproteobacteria belong to seven phylotypes of unclassifi ed Deltaproteobacteria, as shown in Fig. 3 and Table 2 . The sequence of FJ479048 from undisturbed grass prairie was submitted to GenBank (not published). The tree was constructed by neighbor-joining using ARB software. The 16S rRNA sequence of E. coli and S. putrefaciens were used as out-groups to root the tree. Novel phylotypes detected in this study are named with the prefi x RH (for rhizosphere). Accession numbers are given in parentheses. The known phylotype is highlighted in gray. The bars represent evolutionary distances. Bootstrap values are shown.
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OP5 bacteria in the rhizosphere
One clone of OP5 bacteria was detected in a total of 81 clones without size selection, whereas 5 clones were detected in 84 clones with fi ltered bacteria. These fi ve clones belonged to three phylotypes of OP5 bacteria, as shown in Fig. 4 and Table 2 . Two phylotypes were novel phylotypes with less than 98% similarity to known phylotypes (Table 2 ). In Fig. 4 , Caldiesericum exile AZM16c01, which belongs to the OP5 phylum and recently proposed new phylum Caldirserica, was included (Mori et al., 2008 (Mori et al., , 2009 . Fig. 3 . Phylogenic analyses of the rhizosphere Deltaproteobacteria that passed through 0.45-µm-pore-size fi lters.
The tree was constructed by neighbor-joining using ARB software. The 16S rRNA sequence of E. coli and S. putrefaciens were used as out-groups to root the tree. Novel phylotypes detected in this study are named with the prefi x RH (for rhizosphere). Accession numbers are given in parentheses. The known phylotypes are highlighted in gray. The bars represent evolutionary distances. Bootstrap values are shown. The tree was constructed by neighbor-joining using ARB software. The 16S rRNA sequence of E. coli and S. putrefaciens were used as out-groups to root the tree. Novel phylotypes detected in this study are named with the prefi x RH (for rhizosphere). Accession numbers are given in parentheses. The known phylotype is highlighted in gray. The bars represent evolutionary distances. Bootstrap values are shown.
